Background: Detecting hepatitis E virus (HEV) RNA in faeces is useful for diagnosing and monitoring HEV infections, particularly in immunocompromised patients requiring ribavirin therapy. Objectives: This study evaluated the performance of the Altona RealStar HEV RNA kit for detecting and quantifying HEV in faeces. Study design: RNA was extracted from 94 stool samples by two methods: QIAamp Viral RNA Mini kit and MagNA Pure 96 automate. The Altona results were compared to a reference laboratory-developed accredited ISO15189 RT-PCR assay. Results: The Altona and reference assays detect HEV RNA in 77/93 (82.8%) and 83/93 (89.2%) of the QIAamp extracted samples, respectively, after exclusion of invalid result; they detected HEV RNA in 67/92 (72.8%) and 66/92 (71.7%) of the MagNA Pure extracted samples, respectively, which emphasizes the importance of the RNA extraction method. The HEV RNA concentrations obtained with Altona RT-PCR and the reference RT-PCR were well correlated whatever the extraction method, and Bland Altman analyses indicated that the Altona values were higher than the reference assay values. The Altona values for QIAamp-extracted and MagNA Pure-extracted HEV RNA were very similar. Conclusions: The Altona RealStar assay is suitable for quantifying HEV RNA in the faeces and monitoring HEV RNA shedding during ribavirin therapy. Extraction is critical for detecting faecal HEV with high performance RT-PCR assays. HEV faecal excretion could help determine the optimal duration of
Background
Over the last 10 years, it has become apparent that hepatitis E virus (HEV) is a pathogen of global significance. HEV infection is among the most frequent causes of acute hepatitis worldwide [1] . The HEV strains infecting humans are classified as one of 4 major genotypes. Peak viremia occurs during the incubation period and early phase of disease In patients with an acute HEV infection [2] . Viral RNA can be detected in the blood and faeces of these patients just before the onset of clinical symptoms. It does not persist in the blood, becoming undetectable about 3 weeks later, the onset of symptoms while remaining in faeces for longer [1] .
Chronic HEV infections have been reported in solid-organ transplant recipients [3] [4] [5] , hematology patients that given chemotherapy [6] [7] [8] , and patients infected by human immunodeficiency virus (HIV) that have low CD4 counts [9, 10] . Chronic HEV infection is defined by persistent HEV replication for more than three months [11, 12] . These chronic infections are caused by genotype 3 and genotype 4 and may rapidly evolve to cirrhosis and loss of a liver graft [13, 14] . Ribavirin has become the drug of choice for treating chronic HEV infections in immunocompromised [15, 16] . While a decrease in HEV RNA in blood of 0.5 log copies/ml or greater by 7 days after initiation of ribavirin therapy is predictive of a response [17] , detecting HEV RNA in the faeces despite a negative HEV RNA in blood is a strong predictor of a relapse in immunocompromised subjects [18] . Therefore, monitoring T ribavirin therapy and has been recommended for managing chronic HEV infections in solid-organ transplant recipients [19] . However, the presence of PCR inhibitors in this particular matrix can make detecting HEV RNA difficult [20] [21] [22] . No commercial HEV RNA assay is presently validated for faecal samples.
Objectives
We evaluated the performance of two RNA extraction methods and that of a commercial assay, the Altona RealStar® HEV RT-PCR Kit, compared to a laboratory-developed test (LDT), for detecting and quantifying HEV RNA in the faeces. We determined the quantitative analytical performance of the Altona assay in two clinical setting: HEV shedding during acute hepatitis E and monitoring ribavirin therapy.
Study design

Patients and samples
We tested in our laboratory 94 faecal samples from patients with an HEV infection assessed by detecting HEV RNA in their blood with our ISO 15189-accredited assay LDT. All patients were followed in Toulouse University Hospital. Ten samples were collected at the acute phase of infection (< one month after the increase in ALT) from 10 untreated patients and 84 were from 13 solid-organ-transplant recipients with chronic HEV genotype 3 between 2011 and 2016. These 13 transplant recipients were treated with ribavirin monotherapy for 3 months and several faecal samples were collected during (n = 71) and after (n = 13) treatment. A sustained virological response was defined as a negative blood HEV RNA 6 months after treatment and relapse was defined as a positive blood HEV RNA after treatment withdrawal.
Faecal samples (50-100 mg) were weighted and suspended in 5 mL of Minimum Essential Eagle's Medium (MEM, Sigma-Aldricht, France), vortexed, frozen at −20°C for 24 h and then centrifuged at 3000 rpm for 10 min. The resulting supernatants were passed through a 45 μm filter and the filtrate was used for HEV RNA extraction and quantification by real time RT-PCR [18] .
This non-interventional study included no additional procedures. Biological material and clinical data were obtained only for standard viral diagnosis following physicians' orders (no specific sampling, no modified sampling protocol, no questions in addition to the national standardized questionnaire). Data were analysed using an anonymized database. The French Public Health law (CSP Art L 1121-1.1) does not require written informed consent for such a protocol.
Nucleic acid extraction
HEV RNA was extracted from the filtered faecal samples by 2 methods: the QIAamp Viral RNA Mini kit (Qiagen, Hilden, Germany), in which 140 μl of filtered-faeces were eluted in 50 μl according to the manufacturer's instructions and the DNA and viral nucleic acid Small Volume 2.0 kit (Roche Diagnostics, Mannheim, Germany) implemented on the MagNA Pure 96 automate (Roche Diagnostics, Rotkreuz, Switzerland) with the Viral NA Universal Small Volume 3.1 protocol (200 μl of filteredfaeces eluted in 100 μl).
Detection and quantification
The HEV RNA in each eluate was quantified using an ISO 15189accredited LDT reference RT-PCR assay [23] . This LDT has no internal control. It was also quantified using the Altona RealStar® HEV RT-PCR version 1 kit commercial assay. The internal control in the Altona RT-PCR kit was added during the RT-PCR mix preparation. The HEV RNA quantified by both assays was calculated with a standard curve generated from serial 10-fold dilutions of a transcribed RNA standard [23] . The limit of quantification for both assays was 100 copies/g.
Statistical analyses
HEV RNA values were log transformed and then analysed with GraphPad Prism 7 software. The Spearman test was used to test for correlation between the two assays. P values of less than 0.05 were taken to indicate statistical significance. A Bland-Altman analysis (a scatter plot of the differences between the paired measurements plotted against their means) was used on samples that were positive by both methods to assess the magnitude of disagreement between them and estimate the overall bias.
Results
Performance of the two RT-PCR assays using the QIAamp extraction method
The 94 samples were tested with Altona assay and with the reference RT-PCR. The Altona internal control was negative in one sample, indicating inhibition of the RT-PCR; this sample tested positive with the reference assay (HEV RNA: 10.5 log copies/g). This sample was excluded from the analysis. The Altona RT-PCR detected HEV RNA in 77/93 (82.8%) samples and the reference RT-PCR detected HEV RNA in 83/93 (89.2%, p = 0.19) ( Table 1 ). The 6 samples that tested negative with Altona assay tested positive with the reference assay (HEV RNA: 3.2 to 10.5 log copies/g). Thus, the assays were concordant for 87/93 (93.5%) faecal samples: 77 samples tested positive and 10 were negative with both assays. (Table 1 ). The Altona RT-PCR and reference RT-PCR HEV RNA concentrations were correlated (ρ = 0.90, p < 0.001) (Fig. 1A) . The Altona assay values were higher than the reference assay values. Bland-Altman analysis (Fig. 1B) produced a mean deviation between the assay results of -0.5 log 10 c/g and a difference of > 0.5 log copies/g for 37 samples.
Performance of the two RT-PCR assays using the MagNA pure 96 extraction method
The Altona assay found 2 samples with negative internal controls; the reference test found one of these negative and the other positive (HEV RNA: 3.6 log copies/g). These samples were excluded from the analysis. The Altona RT-PCR detected HEV RNA in 67/92 (72.8%) samples and the reference assay detected HEV RNA in 66/92 (71.7%). Thus, the RT-PCR assays were concordant for 89/92 (96.7%) samples: 65 tested positive and 24 were negative with both assays. ( Table 2 ). The 2 samples that were positive with the Altona assay (HEV RNA: 5 and 6 log copies/g) were negative with the reference assay. The Altona assay negative sample was positive with the reference assay (HEV RNA: 3.6 copies/g). The HEV RNA concentrations obtained with Altona RT-PCR and the reference RT-PCR were correlated (ρ = 0.98, p < 0.001) ( Fig. 2A) but the Altona assay values were higher than those from the reference assay. Bland-Altman analysis (Fig. 2B ) gave a mean deviation between the reference RT-PCR and Altona results of -0.7 log 10 c/g and a bias of > 0.5 log copies/g for 23 samples.
The influence of extraction on Altona assay HEV RNA quantification
HEV RNA was detected more frequently (82.7%) after QIAamp extraction than after MagNA Pure extraction (72.8%) but the difference was not significant (p = 0.11). The HEV RNA concentrations obtained with the Altona RT-PCR after QIAamp extraction and MagNA Pure extraction were correlated (ρ = 0.96, p < 0.001) (Fig. 3A) . The Altona/QIAamp values and the Altona/MagNA Pure values were also similar. The mean deviation between them was 0.03 log 10 c/g (Fig. 3B ) and the bias was > 0.5 log copies/g for 9 samples.
HEV RNA shedding in clinical setting
The Altona RT-PCR assay found the median HEV RNA concentration in 10 faeces samples from untreated patients to be 8.4 log 10 copies/g faeces. The plasma HEV RNA concentration in the 13 patients treated with ribavirin decreased and that viremia became undetectable in 6 patients after one month of ribavirin therapy and in 7 patients after 2 months of ribavirin therapy. Their viremia remained undetectable until the end of treatment. The Altona assay found that the faecal shedding of HEV RNA decreased during the 3-months course of ribavirin ( Fig. 4) . Patients testing positive for HEV RNA at the end of treatment relapsed.
Discussion
Our evaluation of the Altona Real Star RT-PCR kit for detecting and quantifying HEV RNA in faeces after each of two RNA extraction methods indicated that the Altona assay performed well and that its findings were correlated with those of the reference RT-PCR test.
We have previously investigated the performance of the Altona RT-PCR assay for detecting HEV RNA in the plasma [24] . Its analytical sensitivity was good and it was highly reproducible [24] . The present study evaluates the assay for detecting HEV RNA in faeces. While the values obtained with the Altona and reference assays were highly correlated, the reference assay gave lower HEV RNA values regardless of the extraction method. The Altona Kit may amplify the targeted region of the genome more efficiently than the reference assay.
Both RT-PCR assays found more positive samples after QIAamp extraction than after MagNA Pure treatment, although the difference was not significant. Clearly, the RNA extraction method is most important. Many PCR inhibitors are presumed to affect directly the RNA or the enzymes of the reaction [20, 25] . Several inhibitors have been found in faeces: polysaccharides or chlorophyll originating from vegetables, bile salts, urea, glycolipids and heparin [26] [27] [28] . The QIAamp kit has been validated for extracting viruses from food [29, 30] and this study indicates that it is suitable for extracting HEV RNA from faeces. The efficiency with which the RNA extraction method removes inhibitors or debris and produces nucleic acid extracts of high purity significantly affects the detection of the target by RT-PCR [20, 29, 31] . A study that evaluated six commercial extraction platforms for detecting SARS Coronavirus frm faeces indicated that the MagNA Pure method performed less well than other automated platform that used magnetic beads (miniMag by bioMérieux or the Magazorb by Cortex Biochem) [31] . Inhibitors can also be removed from faecal samples by sample dilution or using less faeces. This was successful when the Altona retested 2 negative samples. The Altona assay has an internal control that is introduced into the RT-PCR mix and thus acts as an amplification control (controlling only the performance of the PCR itself). A limitation of the reference LDT assay is the absence of an internal control. Nevertheless, a negative internal control was not always seen in results that were HEV RNA-positive with the reference RT-PCR and HEV RNAnegative with Altona RT-PCR. Moreover, the Altona assay package insert indicates that the internal control can also be placed in the lysis buffer during extraction. This may evaluate inhibition better in challenging matrice such as faeces. We also measured virus shedding into the faeces in both treated and untreated patients. The median HEV RNA concentration for untreated patients, was 8.4 log 10 copies/g faeces. The HEV RNA concentration in faeces is similar to the shedding of other enteric viruses. Sabria et al. reported virus concentrations of 7.5-6.5 log 10 copies/g in symptomatic and asymptomatic patients with norovirus infections [32] . This high faecal HEV RNA load is in keeping with a recent observation on HEVinfected human-liver chimeric mice where the HEV RNA concentration is about 10-100-fold higher than in corresponding plasma samples [33] .
We find that ribavirin therapy gradually reduced the HEV RNA concentration in the faeces, but that HEV was shed into the faeces for longer than the HEV viremia persists in these patients [18] . Our data indicate that the Altona RT-PCR assay can be used to follow the dynamics of HEV shedding into faeces. We have extended the treatment of those patients who still had HEV in their faeces at the end of the 3months ribavirin therapy. Monitoring HEV faecal excretion is recommended for determining the optimal duration of ribavirin therapy [11, 19] . While a qualitative assay could be sufficient, a validated quantitative assay can assess the decline and residual faecal virus shedding during ribavirin therapy.
We conclude that the Altona RT-PCR assay is suitable for quantifying HEV RNA in the faeces, particularly for monitoring HEV RNA shedding during ribavirin therapy. As extraction may influence HEV RNA detection in faeces sample, each laboratory should validate their extraction protocol for this matrice.
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